Primary sternal osteomyelitis is a rare disease. Common infectious organisms causing primary sternal osteomyelitis include Staphylococcus aureus and Pseudomonas aeruginosa. Actinomyces species are common saprophytes of the oral cavity, but there have been few reports in the literature of primary sternal osteomyelitis caused by Actinomyces species. We describe a case of primary sternal osteomyelitis caused by Actinomyces israelii without pulmonary involvement.
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CASE REPORT
A 55-year-old man presented with a fever and upper sternal pain, swelling, and redness. Over the previous 10 days, he had been treated in local clinics for costochondritis.
Despite treatment, the pain and swelling rapidly progressed.
The patient's past medical history was negative for chest trauma, acupuncture, diabetes mellitus, alcoholism, drug abuse, and tooth extraction. However, he had been scheduled for dental scaling.
On examination, his heart rate was 110 beats per minute, his respiratory rate was 16 breaths per minute, and his temperature was 38. The diagnosis of actinomycosis was confirmed by histopathology, which revealed a sulfur granule enveloped by an infiltrate of neutrophils and organisms with filaments arranged in a sunburst pattern (Fig. 3) . Amoxicillin/clavulanic acid was added to his treatment regimen, and the patient gradually improved, although mild wound dehiscence occurred. The patient was discharged on the tenth postoperative day with mild wound dehiscence. The dehiscence was treated with a disinfectant at an outpatient clinic and had completely healed one month after discharge. A chest CT obtained four months after discharge revealed that the sternum had healed completely.
DISCUSSION
Primary sternal osteomyelitis is rare, and only one case of primary sternal osteomyelitis caused by Actinomyces israelii has been reported in the literature [1] . Primary sternal osteomyelitis usually presents as redness and swelling with vague chest pain or tenderness over the sternum. The vague chest pain can be confused with costochondritis, and the redness, swelling, and tenderness can be misdiagnosed as cellulitis, Tietze syndrome, sternoclavicular arthritis, or neoplasm [2] .
For these reasons, delayed diagnosis and inappropriate treatment are common in primary sternal osteomyelitis. In our case, the patient was misdiagnosed as having costochondritis or Tietze syndrome and was treated inappropriately for 10 days in local clinics while the infection rapidly progressed.
Prompt diagnosis and treatment is necessary to avoid inappropriate treatment and progression to a more serious illness such as mediastinitis or bacteremia, which can be fatal.
Various imaging modalities can be used to diagnose sternal osteomyelitis [3] . It takes 10 to 21 days for an osseous lesion to become visible on conventional radiographs. Therefore, a bone scan is useful in differentiating cellulitis from osteomyeJun Ho Lee, et al − 88 − Fig. 3. (A, B) Histopathology of the biopsy revealed a sulfur granule (arrow) enveloped by an infiltrate of neutrophils and organisms with filaments arranged in a sunburst pattern (H&E, ×400).
litis in the early phase of the disease [3] . CT imaging can provide more detailed anatomical information such as soft tissue changes, the extent of posterior cortical bony destruction, and the presence of substernal fluid. In advanced phases of the disease, CT is useful not only for diagnosis but also for treatment planning. In our case, chest CT revealed that the posterior cortical bone was intact, which allowed us to perform an incision and drainage using an open technique.
Soft tissue biopsy is essential in order to exclude primary bone pathology and to obtain a microbiological isolate to direct appropriate antimicrobial therapy. Staphylococcus aureus is the most common causative organism of osteomyelitis [2] .
Pseudomonas aeruginosa is the most common infectious organism in intravenous drug abusers [2] . There has been only one reported case of primary sternal osteomyelitis caused by Actinomyces israelii [1] , which was the final diagnosis of our patient as well.
Actinomycosis is a chronic and slowly progressive granulomatous disease caused by Actinomyces species, which are filamentous gram-positive anaerobic bacteria that colonize the human oropharynx, gastrointestinal tract, and urogenital tract [4] . Direct isolation of the organism from a clinical specimen or from sulfur granules is necessary to make a definitive diagnosis. However, the failure rate of isolating the organism is higher than 50%. The reasons for this include previous antibiotic treatment, overgrowth of concomitant organisms, and inadequate diagnostic methodology [5] . The presence of gram-positive filamentous organisms and sulfur granules on histological examination strongly supports the diagnosis of actinomycosis [4] . Treatment for actinomycosis is high dose (range, 18 to 24 million units/day) intravenous penicillin G over two to six weeks, followed by a dose of 2 to 4 g/day of oral penicillin V for six to 12 months [4] . Perhaps due to the antibiotics used in preoperative treatment, we could not isolate any organisms from our specimen. However, gram-positive filamentous organisms and sulfur granules were seen on the histologic section. Because our patient suffered from periodontal disease, we believe the Actinomyces, which is part of the normal flora of the oral cavity, hematogenously spread to the sternum resulting in primary sternal osteomyelitis.
The treatment of primary sternal osteomyelitis includes prolonged antibiotic therapy, which involves limited resection or radical resection with reconstruction [4] . A few cases (＜10%) of primary sternal osteomyelitis will resolve with antibiotic therapy alone [1] , but some cases of primary sternal osteomyelitis have been successfully managed with a combination of aspiration for diagnostic purposes and prolonged antibiotic therapy, despite posterior cortical bone destruction and substernal fluid collection [6] . Early surgical treatment should be considered in all cases because it is a definitive treatment that results in decreased morbidity and is more cost-effective [7] .
A surgical procedure is necessary in cases of Pseudomonas aeruginosa infection or in chronic cases where antibiotics have failed. If not grossly infected, a limited resection is recommended in order to preserve the posterior cortical bone to, in turn, maintain the stability of the bony thorax, which leads to new bone formation [8] . A radical resection with re-
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Although primary sternal osteomyelitis is rare, it should be considered in patients with anterior sternal pain. In advanced disease, chest CT is useful for both in diagnosis and treatment planning. To our knowledge, here we make the first report of primary sternal osteomyelitis in the Republic of Korea caused by Actinomyces, which was successfully treated with limited resection and prolonged oral antibiotic therapy.
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